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INSTRUCTIONS:  Answer question one and any other two questions  

QUESTION ONE - (30 MARKS)  

a) State the difference between parametric and non-parametric regression. (2 Marks) 

b) Consider a random vector (x,y) where  is  - valued and Y is R – valued. 𝜒 𝑅𝑑

Given that f(x) is a good estimator of y , show that; 

    (4 Marks) 222 ()()2()()( yxmdamxfyxf
dR

  

c) Consider the model + . Show that; 𝑦 =  𝜃1𝑒𝜃𝑎
2 𝜖

(i) the non linear regression model can be expressed as a linear regression model. 
(4 Marks) 

(ii)  = +         (3 Marks) 𝜃1 𝛽𝑣 𝜃0

d) From oxygen purity data model the following were observed; 
n = 20   SST = 173.38 = 14.947 𝛽1

Sxy = 10.17744 P – value = 1.23 x  10 ―9

Test the hypothesis that Ho:  = 0      (4 Marks) 𝛽1

e) From the data of pull strength relating pull strength with length or height , the following 
extract were obtained; 

        𝑦1𝑦 = 27,177.9510 82.725
1




n

l
iy

     x y = 27062.7775 𝑛 = 25       𝛽′ ′ 
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 determine whether the pull strength depend on length or height or both, given 𝑎𝑡 ∝  = 0.05 

that  = length and  = height.       (5 Marks) ℷ1 ℷ2

f) (i)    Define the term non linear regression model.    (1 Mark) 
(ii)   Given the non linear specification  + e (  𝑦 = 𝑓(𝑥; 𝛽) 𝛽)
 
 

where y =   f(  =  [𝑦1
.
.
.
.

𝑦1
] 𝑥1 …..𝑥1 ― ;𝛽 [ 𝑓(𝑥1; 𝛽

𝑓(𝑥1 ; 𝛽]
 
Determine the first order condition equation of the non  linear last square (NLS) 
minimization problem of k non linear equations.    (4 Marks) 
   

g) (i)    Briefly explain the term artificial neuron as used in statistics.  (1 Mark) 
 
(ii)   Let  be the class of neural networks with the squashy function 6, Define  in case F𝑛 𝑚𝑛

of strongly universally consistency.      (2  Marks) 

 

QUESTION TWO (20 MARKS) 

a) In many instances of linear modeling, a response variable y might be dependent on more 
than one predictor variable. 
Thus a set of variables (I = 1,2 . . . . ,p) could be used to predict y through the general 𝑥𝑖

linear model; 
y = +  + . . . . .+ +  𝛽0 + 𝛽1𝑥1 𝛽2𝑥2 𝛽𝑝𝑥𝑝 𝜀
where  are model parameters and  is an error term. 𝛽𝑖 𝜀

(i) State clearly all the assumptions in fitting such a model. (2 Marks) 
(ii) Write down the equivalent matrix formulation of the model , and state the 

form of the least square estimators of the parameters in the model 
(3 Marks) 

(iii) Explain why an adjusted value is often preferred to  when comparing 𝑅2 𝑅2

models.        (2 Marks) 
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b) Given the x matrix and y vector of a date as; 

=                 y =           𝑥 [
1 2 30
1 8 110
1 11 120
1 10 530
1 8 295
1 4 200
1 2 375
1 2 52
1 9 100
1 8 100

] [
9.95

24.45
31.75
35.00
25.02
16.86
14.38
9.60

24.35
27.50

]
Suppose the multiple regression model  y = +  +  𝛽0 + 𝛽1𝑥1 𝛽2𝑥2 𝜀

where y is the observed force and is the length of the wire while  is the height of the wire, was 𝑥2

held to fit the above date. 

a) Determine; 
(i)  x         (2 Marks) 𝑥′

(ii) y         (2 Marks) 𝑥′ 
b) Estimate parameter ,  and       (4 Marks) 𝛽0 𝛽1 𝛽2

c) Given that x   and  = 400 determine     (2 Marks) 
𝑥11, 1 =  4 
𝑥1,11 = 4 𝑥11, 2 𝑦

d) Calculate the residual obtained due to (c) given that = 10     (3 Marks) 𝑦11

QUESTION THREE (20 MARKS) 

a) A company is intended in investigating whether either the age or sex of a person or both 

has any effect on whether or not the person is prepared to take part in survey planned by 

the company. 

Their market researcher has carried out a pilot study, the results of which are given in the 

table below. 

The data are in the form  where r is the number of people saying that they are prepared to 
𝑟
ℎ

take part out of a total of n people asked. 

 Age < 30 30  ≤ 𝐴𝑔𝑒 ≤ 59 Age > 59 

Male  
 

30
52  

18
42  

8
19
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Female 
 

27
56  

28
57  

19
37

 

A  logistic regression model has been proposed for these data using the variables  for the 𝑥1

sex of the individual (coded 0 for male and 1 for female) and ,  a dummy variable 𝑥2 𝑥3

representing the three age groups as shown; 

Age group  𝑥2  x3

Age < 30 0 0 

30  Age  59 ≤ ≤ 1 0 

Age > 59 0 1 

 

Part of the output from a logistic regression program is given below. 

 

 Coef.                                Std.    Err. 

 𝑥1 0.0884                             0.2532 

 𝑥2 -0.1354                            0.2833 

 𝑥3 -0.1953                            0.3312 

Cons. 0.0655                0.2331 

 

(i)  Write own the form of the logistic regression model for the data, making sure that 

you define the logic transformation.     (2 Marks) 

(ii) Determine whether any of the coefficients are statistically significant (2 Marks) 

(iii) Compute an approximate 95% confidence interval for the coefficient of sex in the 

linear prediction.       (3 Marks) 

(iv) Estimate from the model the proportion of females aged more than 59 who would 

be prepared to take part in the survey.     (4 Marks) 

(v) One of the managers has heard about odds ratios and would want to know how the 

values in the output shown relates to odds ratio. 

Explain how the coefficients 0.0884 is related to an odds ratio and how it is 

interpreted.        (4 Marks) 

b) Express the following functions linearly, stating the transformation. 
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(i) y =         (1 Mark) 𝛽0 𝑒𝛽1 ∝ 𝜀

(ii) y = ( ) +       (1 Mark) 𝛽0 + 𝛽1
1
𝑥 𝜀

(iii) y =       (3 Marks) 
1

exp (𝛽0 +  𝛽1𝑥 + 𝜀)

 

QUESTION FOUR (20 MARKS) 

a)  Four close levels of ozone and the resulting mean seed yield of soybean are given. The 
close of ozone is the average concentration (parts per million ppm) during the growing 
season. Yield is reported in grams per plant. 

  

 

 

 

 

 = 135    = 911    = 200.495 Σ𝜒1 Σ𝑦𝑖 Σy2
𝑖

 = 0.0875                                        = 227.75 𝑥 𝑦

 = 0.0399    = 76.99   Σx2
𝑖 Σx𝑖𝑦𝑖

(i) Determine the vector of regression coefficient .     (10 Marks) 𝛽
(ii) Determine the estimate of the vector      (8 Marks) 𝑦
(iii) Determine the column vector of the residual .    (2 Marks) 

 

QUESTION FIVE (20 MARKS) 

a) Briefly explain the meaning of weekly universally consistent and strongly universally 
consistent of a sequence of regression function  for the distribution of (x,y) {𝑚𝑛}
          (2 Marks) 

b) Let K;  be a function called kernel function. 𝑅𝑑⟶𝑅 +

(i) Let L >0 be a bandwidth in Nadaraya-watson Kernel estimator. State the Kernel 

estimate and explain how the estimate is calculated.   (2 Marks) 

(ii) Stat k-nearest neighbor (k-NN) estimate and explain how it is calculated(3 Marks) 

X                                                              Y 
(Ozone ppm) Yield (gm/plt) 
.02 242 
.07 237 
.11                                                                231 
.15                                                                201 


